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ABSTRACT

A prior study surveyed methods fox
locating thermals remotely, and for asses-
sing thermal characteristics when Ilying
near or in them so as to permit [ull ox-

ploitation ol the Lhermals,

The

study examires further
rnow, with present technoloc
mo s L practical.

For locating thermals from a distance
use is made of the Lact that e ther-
mals carry spacc charge alolt from the
surface, T superimposes a horizortal
potential gradient on the normal vertical
fair-weather field, and it is possible
that the horizontal 1d 1 be measurcd
al a sailplane several kilomelers dway .

= hle strumentation is discussed.
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dre several Leclnic
capable of showing
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turn from

centar, L1 involve devices
lateral variation of somg vari

tical contenders dre wversions of
afiorementioned potential g
and a systen showing the gradient of

bullk temperature between the wing

wot
tipz.

The Dbﬁerth ur a thermal along the

climk indicator.

are discussed this indication
more dccurate.

The buoyancy of the therrmal can help
indicate whather the thern is growing

or decaying. Relative buoyancy can be

1, to adequate acecuracy, an instru-
ment combining temnperature and altituds
information.

Wis
itated

valization of the therral is facd
by introducing markers (long-last-
irng buk 5, or smoke put into the tip
vortex), or by particular cockpll dis-
plays of vertical veloc wnich aid the
human mamery .
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really practical. That one is the use of
potential gradient equipment for remote-
1y sensing the net space charge asscciated
with some thermals. To the best of my
knowledge Chis has not yet been tried.

It may not work, for many reasons. How-
ever, 1f it does work, at least sometimes,
it will he practical because the instru-
mentation can eventually bs rather simple.

There tends to be a weak net space
charge in the air nesar the ground, the
very air out oI which & thepmal builds

its sukstanc Thus a Chermal may nave
a charge of between 1 and 1000 ele-

mentary charges per cubic centimcter.
By conductivity, half of the charge will
leak off in about 20 minutes near s
level (in just a few nubes at 300
maters), so the charges from "old" ther-
slowly disappear and will not tend

Lo obscure the newer, more vigorous ones.

There is a normal vertical [air-weath-
Pf field or potential gradient of about

/3 to 1 volt/om., The space charge of a
Lhermal will superimpose some Iorl7orfdi
potential gradient, which should be de-
tactable from a distance and could guide
the pilot to the thermal, To find the

itude of the effect, assune 100 zle-

mentary charges per cubic om exist in &
cubic kilometer of air. st total chargs

0 is then 0,016 coulombs. he field F
trom this is
.
rer”

where v denotes distance from the charge
center and ¢ = 8.85.107"° farad meter”
Ignoring image charges, this means 0,40
volt/om at r = 2 km, which is a rather
strong gradient which should be easy o
measure. For the sailplane and the charge
certer both at l-km altitude, the image
charge reduces the net horizontal gradi-
ent from 0,40 volt/om te 0.26 volt/cm.
The actual typical space charge is not
known, Chalmers (1%67) reviews the ob-
seprvations of many investigators and shows
that net charges of the order of ssveral
hundred elementary chapges per cublc om
are common near the surface. Based on
the abowve factors, one can say that hori-
zontal gradients of the order of 0.1 volt/
om may bs anticipated on some occasions
saveral kilometers from a thermal.

To measure such a horizontal grddLe
one can equip the szailplane with a fiel
mill on each wing tip, measuring the
lateral horizontal gradient at 4 point
where the sailplane geomebtry causSes the
gradient to be strongly increased. The
difference between the two observe T gra-
dients iz a measure ol the lateral hori-
sontal Field, while the swn is 4 measure
of the charge on the sailplane itgelf.

Tf one uses only & single 5ensor, it is
ot possible to distinguish between the
sailplane charge and Che environmental
potential gradient. Since there is a ver-
ical PoLentlﬂl gradient in Ln atnosphere
somewhat stronger than the ho: zontal
gradient you are seekirng, tho wlngs should
be kept closs Lo during the measure-
ment., If a hOfl/OﬂLdl gradlent exists

the sailplanc will be pointing PXaCLl\
toward (or away L[rom) the space charge
wher the instrument shows a null. 1z

all the charged thermals have the same
sign, the pilot will know which way to
turn whan off null, and may get some in-
formation about thermal distance from the
intensity of the signal.

-

The field mills could instead be on
the nose and tail, looking forward and
backward. The pilot would then hunt &
maximum rather than a null, and the mag-
nitude would more easily give a hint as
o the thermal distance or strength. The
sailplane does not vary much in pitch,
even during turns, and so confusion with
the coexisting vertical field would be
mirimized. Practical problems will be
encountered in such an installation, the
most severe being that the rear gradient
unit will nhave spurious signals caused by
configuration changes ~f the sailplane,
i.e., tail control surface movements.

One could contemplate the use of a
mere exotic installation which, on crossed
pointers, shows instantaneously the direc-
tion and magnitude of the field. The cy-
lindrical field mill of Xasemir (1964) or
the MRI Modsl E11 Cylindrical Field Mill,
pointing down from the belly of the air-
craft, can constitute the entire sensor
system for this. The drag of this sensor
configuration might negate the perform-
ance gains it could give, and its com-
plexity is probably too great for sail-
plane use. The design concept behind the
field mill is reviewed by Chalmers (1957).
Mill units have existed for almest half
a century. Modern solid-state technology
makes tne field mill very casy To build,
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Since only relative information is needed, is dlso a —f—LCt——t“w ﬂlﬂh*f
tLe mechanical shielding-unshieldin =4 humidity within a thermal adds to its
normal field mill is nol required, buoyancy. Th: ffect can be estimateg
insulated conductors with electronics as a function of a tude for the partic-
with a rather long time constant (10 sec ular day, trom knowledge of the t
or more). ture and molsture sounding, and :
tell what tﬁwp”ra;h_. difference (alt
n a strong like- tude corrected) is
he use of wet bulkb altitude to give ne rLPJL buoyancy,
itn the buovancy instrument
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how to make it simply. With modern,

high grade, electric variometers, it turns
out altitude changes can turned into

a woltage by integrating the variometer
output--a simple task with solid-state
components. This voltage is added to the
cemperature veoltage, with the correct
scale factor. This yislds buoyancy, il
humidity effects are ignor Obviously

3]

=y

humidity can be sensed and hLLctronically
added to the computatien, but as pointed

out dbove this refinement is nol neces-
sary. The altitude-temperature sensing
and mixing cirecuit would have a zeroing
button se that pricr to entering a ther-

mal the two variables could simultaneously

be set at "zero" and so stay on scale for
the required length of time.

VERTICAL VELOCITY MEASUREMENTS
From the standpoint of a sparing pilot,

the definition of a thermal is given by
its vertical velocity. This is measured
at the sailplane by noting the vertical
velocity of the sailplane via a rate-of-
climb indicator, plus by noting the var-
tical air motion relative to the sailplane
(by M"seat-of-the-pants™ judgment, by the
aid of a total energy device, etc.). Ver-
tical wvelocity measurcments can be made

to an absolute accuracy of several om/sec
by sophisticated systems involving an in-
ertial platform with accelercmeters and
gyros, and super-accurate ailr motion vanas,
but this ig unsuitable for sailplane use
by factors 100 or mors in weight and
cost.

of

The sailplane pilot relies basically
on & fast-response rate-of-climb indica-
tor. ‘ne largest error is corrected with
a total energy attachrent, but other sig-
rificant errors remnain, The regular sink-
ing speed due to sailplane drag consti-
tutes one main error, and horizental gusts
constitute the other., The sinking spesed
error cdn be partially handled by the
method 7C“-“Cd by MacCreacdy (1 1.954) which

ererates a flow in the instrunent which
g a crude approximation of the sinking
speed vs, forward speed relationship for
the particular sainlane. Other elsctron-
¢ analog methods are also available, The
correction 1s not a@@uwaLe during maneu-
vers which
such as zooms and turns. Conceptually,
this could be handled by integrating a
"G" meter into the correction.

alter the load on the sailplane,

=

The horizontal gust problem is intro-
duced by the total energy compensator.
This compensator cannot distinguish be-
tween airspecd changes due to horizontal
gusts and those due to horizontal accelera-
tions of the vehicle--and the gust eifect
causes larger errors as the saillplane
speed increasc The partial cure is
fiilter the LOHP@H: ator so as to damp the
rapid gust elfects. Conceptually, a hori-
zontal accelerometer could be incorporated
into the system, although the changing
component of gravity along the accelerom-
gter sensing axis causes complications.

to

To put the matter in perspective, it
appears that the best compromise is to
have a total enerygy variometer, and add
the simplest form of drag corrector and
damp the total energy attachment--and
then put any further effort inteo develop-
ing techniques for presenting the data to
the pilet and having the pilot use tLhe
data by the optimum filight maneuvers. In
data presentation, the desirable feature
is a memory aid so the pilot can reecall
the vertical velocities at all prior po-
sitions in the thermal. & Cime plot of
upcurrent strength is of some help. A
printeut of an ¥-Y plan position indica-
tor is even more helplful--but very com-
plex.

Al ter one
play methods,
visual marker
would be most
could
maxrlk

considers varicous data dis-
it becomes obvicus that a
ol the sailplane trail
helpful., Smoke or bubbles
be released from the sailplanc to
trajectory. The smoke would Lo
lasting il released from a wing
| it will enter The somewhat pro-
tected tip vertex. The smoke would pre-

L
LS

sumably be formed from an oil fog, from
a tiny electrical vaporizer. The prior

trail would show the pilot at a glance
the thermal configuration. Porhaps it
could even be able to suggest the thermal
rotation, which is something which would
he very conplex by instrumentation alone,

CONCLUSIONS

The techniques discussed here are
about half of those recommsnded for
ther attention in the article prepared
decade age, The emphasis then was on
what could rpealistically be done The
emphasis here is on what can be dong so
simply that it might actually get done.
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Of the devices discussed in this article,
the most gain per "unit of development

effort” is probably the wet bulb temperd-
ture thermal sniffer, The potential gra-

heric Dlec-
dition) Internaticn-

T
8.y

(Second

dient device for remote detection is a al Series of Monographs in Matural

long shot--very useful it if works, but Philosophy, Vol. 11, New York, Pergamon
with & fair chance it might not work be- Press, LB Cat. Card No, 66-29669,

cause of weak charges or spuricus gradi- 515 pp.

ents, The biggest gain with a certainty

of success is with the thermal marker, o By ey L i lindrical

but the development of the marker is more mill. Tech. Rept,
complex than it might appear. U.5. Brmy Electronices Command, Ft,
moulth, M. J.
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Sailplanes have been vastly improved

over the last decade, but the improveoments MacCready, P. B., Jr., 1954: Measurement
now are getting harder to make and fap of wvertical currents. BSedring, May-
more expensive, Lt now sgems an appro- June,

priate time to emphasize an alternative

route--the improvement of instruments and » 1961l: TImproving thermral soar-
technigues for locating and exploiting T ing flignt techniques. Swiss fere

thermals, Revue, 7.
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IHTRODUCTTON L. Get (fr LJOOQG) 1"}'|f'=

gliding ang

Some non-technical pilots or beginners ing speed (V¥ ) TOo
are usually confused when faced with the data or Ilight m eas
problen of making a speed ring or compub- the zinking =peed

ing final glide angles and speeds. Things
bocome worse when Lhe only known periorm-
ance data are the best glide angle and
asponding speed,

V¥ (km/T)

3 . oo L;’ID

or

vE(m/e)

‘ a7 a7 . VE(mol
vE(Et/min) ol (g i)

The "universal” table was made
these pecople ard gliders, bul even

. e .. L/D

technical people may find it useful when i

transforming a shower of test flight points . : — .

into o O1H£ qwu:ﬂ gralnﬁgn non- / i fZLL 2. Multiply columnns 1, 3, 4, and & by
o0 | BOSRR 9 S ang Ly 9 ar this value of v,

drag characterislics caused by flaps, deep :
laminar bucket airfoil, flow separation,

oy ceclumns 2 and 7 by the best

.
T
spead Y =

Tl T e R (o e e
USE OF THE TARLL L. Multd ply columr 5 by 1)
angle G,
For any particular glider, construct
a similar Lable using the following steps:
RS




